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(54) ACTIVE ELEMENT TYPE MAGNETIC READING HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve a high density 
storing of an external storage device by driving from an 
external high frequency circuit an element which 
electrically converts a signal from a recording medium 
due to a magnetic field and generating an impedance 
change with the magnetic field. 
SOLUTION: This active element type magnetic reading 
head has such a structure as a conductive body 2 of an 
amorphous alloy film consisting of, for example, four 
elemental alloy CoFeSiB4 is formed on a glass or silicon 
substrate and is in contact with an electrode part 4 for 
driving the conductor 2 and making a current to flow 
therethrough. A magnetism separation film 3 is 
positioned outside of the amorphous thin film conductor 

2, and is composed of a soft magnetic material represented by CoNbZr or FeNi. Moreover, a 
protection film 5 is formed according to the situation. When a high frequency current is 
supplied to an amorphous alloy (desirably, an alloy with a small positive magneto-strictive 
constant) containing 3d-ferromagnetic transition metals with a large dju/dH, an electric 



resistance with a very large magnetic field dependence is achieved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a magnetic-recording medium, the motor made to support and rotate a magnetic-recording 
medium, and the magnetic field from a record medium — electromagnetism — by changing In the 
computer external storage which consists of circuits which process the reading signal after being 
changed the magnetic head which can read the information saved to the magnetic-recording medium, 
and electromagnetism — The active element mold MAG reading head characterized by the component 
which changes electrically the signal by the magnetic field from a record medium producing the 
impedance change by the magnetic field by driving from an external RF circuit. 
[Claim 2] the aforementioned electromagnetism - a sensing element including the ferromagnetic 
element which consists of one kind of the iron of more than 60 atom % and under 90 atom %, or cobalt, 
or two kinds on a substrate with the soft magnetism amorphous alloy thin film the magnetostriction 
constant of whose is 10-7 to 10-5 The active element mold MAG reading head according to claim 1 
characterized by consisting of layers with the electrode for driving the soft magnetism amorphous alloy 
thin film concerned, and the insulation for covering magnetically and electrically at least. 
[Claim 3] the aforementioned electromagnetism — the drive approach of the active element mold MAG 
reading head according to claim 1 characterized by obtaining the impedance change by the magnetic 
field by superimposing the direct-current bias in which drive frequency has the amplitude 0.3 to 0.7 
times the amplitude of drive high frequency, using the high frequency current 100kHz or more in a 
sensing element. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates especially to the reading section of the magnetic head 

about the magnetic head of the external storage of a computer. 

[0002] 

[Description of the Prior Art] In recent years, a raise in the recording density of the external storage 
(especially hard disk drive) of a computer is very remarkable. In connection with it, the request to high- 
sensitivity-izing of the magnetic head, especially a reading head is very strong. A hard disk rotates with 
a spindle motor and it is a usual state that the structural design is made so that the magnetic head (slider 
section) can hold the predetermined height on a record-medium side (premature start height) by the 
dynamic balance with the buoyancy by the air gap formed between it and a record-medium side top and 
the spring pressure of the gimbal section. 

[0003] The reading head called the conventional M I G (Metal In Gap) method uses the induction 
electromotive voltage generated at the both ends of the coil interlinked with it as a reading signal of a 
head, when the magnetic flux produced from a magnetic-recording medium side using what interlinked 
the coil in an annular soft magnetic material with an opening pierces through an annular soft magnetic 
material through an opening. Here, the magnetic field strength formed by the residual magnetization in a 
magnetic-recording medium and the position on a magnetic-recording medium side has become clear 
beforehand, and reading can do the condition of the residual magnetization in a magnetic-recording 
medium (sense and spacing of residual magnetization), i.e., the stored recording information, by 
measuring the wave (a polarity and peak location) of this induction electromotive voltage. 
[0004] However, it is difficult for gap loss to occur for the existence of the opening of the reading head 
section, and to realize a high S/N ratio in addition to the separation loss by existence of premature start 
height, by the M I G method. Moreover, it is difficult to write in also geometrically, to read with a head, 
and for a means to only have sharing a head at present, and to raise the frequency of both of R/W to 
coincidence. 

[0005] then, the alloy thin film which is recently called MR (magnetic reluctance) component and which 
is represented by the iron nickel alloy - reading — the electromagnetism of a head — the head used as a 
sensing element is becoming in use. If this impresses an external magnetic field to an iron nickel alloy 
thin film, it is based on the physical phenomenon in which the electric resistance in a magnetic film 
increases. However, at the head using MR (magnetic reluctance) component, sensibility (magnetic- 
reluctance rate of change per unit magnetic field strength) is about 0.1% / Gauss. It is low in 
comparison, and it is not enough if the demand of a raise in recording density which will increase 
increasingly will be considered from now on. 

[0006] then, the electromagnetism which raised sensibility more — the present condition is that research 
and development of the multilayers which consist of two or more magnetic layers called a GMR (huge 
magnetic reluctance) component aiming at implementation in a sensing element are furthered briskly. 
[0007] 
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[Problem(s) to be Solved by the invention] If it recollects now that recording density is defined as a 
product of the track recording density per truck, and the track density per unit segment of the direction 
of a path, it means leading to the improvement in track recording density raising recording density. 
Generally it is known that it is effective to make small the moment product (namely, product of the 
residual magnetic flux density of the record layer in a magnetic-recording medium and the thickness of a 
magnetic layer) of a magnetic-recording medium as for raising track recording density, and the fall of 
the moment product of a magnetic-recording medium is being enhanced with improvement in the fact 
and recording density every year. However, the fall of a moment product suggests the fall of the 
reinforcement of the magnetic field formed on a magnetic-recording medium, the distance (premature 
start height) which exists between the base of a head, and a magnetic-recording medium top if a head 
tends to read a smaller magnetic field signal — more — small — carrying out (reduction-izing of 
separation loss) — or it is thought that the means of whether the electromotive force per improvement in 
the sensibility of a head, i.e., the unit magnetic field of a head, or its resistance change is increased and 
******** is effective. However, if the surface roughness of a several nm - dozens of nm magnetic- 
recording medium existing and existence of the fluctuation in the direction component of a vertical of a 
head are usually considered and combined by the approach by the former here In the premature start 
height of 10-20nm or less The base of a head and the heights on a magnetic-recording medium collide 
repeatedly, big fluctuation occurs in the output signal of a head with the generating heat, and there is a 
limitation in contracting premature start height by that which causes the fall of the S/N ratio of a head 
remarkably (problem of thermal asperity). 

[0008] On the other hand, if an eye is changed to improvement in the sensibility of a head, it is shifting 
to MR method from a M I G (Metal In Gap) method. M By the I G (Metal In Gap) method, since 
generating of an induction electromotive voltage is used theoretically, it is easy to come out of output 
fluctuation of the head reflecting the rotation nonuniformity of a magnetic-recording medium. 
Furthermore, it is hard to take the structure arrangement which read with the write-in head and separated 
the head on the structure of a head, and practical use is presented as a common head in many cases. For 
this reason, when making L (inductance) of a coil increase in order to increase the sensibility of a 
reading head, the design of the head which writes in conversely, causes the fall of the threshold 
frequency at the time (Snake limit), and raises both frequency to coincidence was difficult. 
[0009] The head of MR method uses the magnetic field dependency of the electric resistance of the thin 
film theoretically represented by the iron nickel alloy. Since frequency dependent [ of an external 
magnetic field / as opposed to the electric resistance in MR film ] is small, fluctuation of the output level 
of the head reflecting the rotation nonuniformity of a magnetic-recording medium is small good in 
comparison. And since it is possible to take the arrangement structure which wrote in, read with the 
head, and dissociated and became independent respectively about the head, the design which increased 
each frequency of writing and reading to coincidence is possible. 

[0010] However, for the head of MR method, although it has the outstanding description mentioned 
above, if what high recording density-ization of a hard disk drive will continue from now on also is 
considered, the sensibility is about 0.1% / Gauss. It cannot be said that extent is enough. And it is 
common for generating of the Barkhausen noise which is one of the causes of head [ poor ] to also have 
inadequate removal of the inclusion in MR film and homogenization of MR film, and it is considered to 
be the actual condition that it is still excellently. Although the fall of the yield is one of the factors which 
link with the rise of product cost directly and check the spread of MR heads, it is not an overstatement. 
[001 1] Even if current, and research and development make it the GMR (huge magnetic reluctance) 
component advanced briskly Although about about 10 to 20 times [ of an MR head ] high sensibility is 
expected to be sure Considering that it is the description to consist of two or more very thin (about about 
10-200nm of hits [ Much more ]) layers of an antiferromagnetism layer, a ferromagnetic layer, a non- 
magnetic layer, and a soft magnetism layer, as compared with it of an MR head, a more difficult thing 
can guess manufacture easily. 

[0012] As for searching for the appearance of a reading head with a commercial scene cheap high 
moreover, sensibility does not wait for argument. 
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[0013] 

[Means for Solving the Problem] If the high frequency current is generally energized to a conductor, a 
current flows in the surface section of a conductor according to the skin effect, and it is known that the 
resistance component R will increase. The ratios of tc, d, and tc can be indicated [ the thickness of the 
epidermis ] to be theta then several 1, and several 2 for the thickness of d and a conductor. 
[0014] 
[Equation 1] 

R=R (1 0 . sinh^ smO 

1 2cosh0- cos0 ' 

[0015] 
[Equatio n 2] 



[0016] Here, let omega into angular frequency and let permeability and sigma be electrical conductivity 
for mu. The 2nd above-mentioned term of the 1st formula shows the increment of resistance by the skin 
effect, to omega, when theta is zero (direct current), omega= 0 [ i.e., ], in an increasing function, the 2nd 
term serves as zero, and the right-hand side of the 1st formula shows direct current resistance R0. 
furthermore, basic practices although eddy current loss must also be taken into consideration in a detail, 
since the same theta dependency as several 1 is shown — it thinks on the basis of a-one number 
henceforth. Now, if several 1 both sides are differentiated by H (magnetic field strength), it can be 
written as several 3 by the differential rule of a composite function. 
[0017] 
[Equation 3] 

[0018] 
[Equation 4] 

d , 6 sinh 6+ sin 6 . 



dd 2 2 cosh 6- cos 0 
[0019] 

[Equation 5] 

2\/2 v u 

[0020] Here, g (theta) and theta 1 are respectively set to several 4 and several 5. Now, the magnetization 
curve of a magnetic alloy is considered. Flux density (B) is taken along an axis of ordinate, and an 
external effective field (H) is taken along an axis of abscissa. For example, nickel and Fe And the 
magnetic saturation if the flux density (B) of those alloys usually rises gently in the increment in an 
external magnetic field when a magnetic field minute into the crystallinity alloy which consists of 3d 
ferromagnetism transition metals, such as Co, is impressed, and large amplitude excitation is carried out 
further, after going up to a linear mostly is reached, and it becomes a linear completely. Here, if it 
recollects that mu is an amount defined by the ratio of B (flux density) and an external effective 
magnetic field (H), and is an inclination on a magnetization curve, in the case of the above-mentioned 
crystalline alloy, change of the inclination, i.e., dmu/dH, will become very small (if the inclination on 
mu, i.e., a magnetization curve, is fixed, dmu/dH serves as zero). In several 3, this means that it is 
difficult to raise remarkably dR/dH of left part (magnetic field dependency of an electric resistance 
component), i.e., sensibility, in the case of the above-mentioned crystalline alloy, even when g (theta) of 
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the right-hand side and the value of theta 1 are enlarged (for example, the very high frequency current 
which enlarges omega is passed), in fact, the electromagnetism of an MR head - even if it passes the 
high frequency current on the permalloy film which consists of iron nickel used for a sensing element — 
sensibility (dR/dH) ~ at most about 1%/Oe It is extent. 

[0021] On the contrary, g (theta) and theta 1 become the case (theta' is zero when it is a direct current of 
omega= 0) of being small, and the amorphous alloy which contains big 3d ferromagnetism transition 
metals of dmu/dH in a minute magnetic field excitation field does not show the magnetic field 
dependency of resistance from several 3, either. In fact, even if it passes the current of only a direct 
current to the amorphous 4 yuan alloy thin film which consists of Co, Fe, Si, and B, only the magnetic 
field dependency of the small electric resistance component of under about 0.5% / Oe is almost shown. 
[0022] This invention is based on the fact that the magnetic field dependency of very big electric 
resistance is acquired, if the high frequency current is energized to the amorphous alloy (alloy with a 
desirable forward small magnetostriction constant) containing big 3d ferromagnetism transition metals 
of dmicro/dH. Here, the case of under 60 atom %, it is because permeability is small, in more than 90 
atom %, an amorphous alloy cannot generate conversely content of one sort or two sorts of combination, 
iron or cobalt, easily, and, moreover, the reason which limited the presentation to the range according to 
claim 2 depends it on the magnetic field dependency of permeability being small. Moreover, in the case 
of an alloy with a forward big value, or the alloy of a conversely negative magnetostriction constant, the 
reason for having made the magnetostriction constant into the range according to claim 2 is because big 
sensibility may not be shown but a large hysteresis may occur. Moreover, it is because this invention is 
what mainly uses a skin effect and an eddy current so that clearly [ the reason for having indicated the 
frequency of the current to drive to claim 3 ] from the above explanation, and the reason for having 
made the amplitude of a direct-current bias current into 0.3 to 0.7 times of the RF drive amplitude is 
because the biggest sensibility was obtained. 

[0023] The GMR head which is one of the candidates of the conventional MR head or the future 
promising magnetic head has the admiration which has concentrated on thickness control with detailed 
nano meter order, and research and development of a minute alloy organization and a film presentation, 
but on the other hand that the yield serves as a bad cause of high cost cannot deny it. In this invention, 
the thickness control of nano meter order does not necessarily need the skin effect and the eddy current 
effectiveness by the high frequency current by being adapted for the thin film of the alloy presentation 
indicated by the claim, and electromagnetism - by having used the sensing element as the amorphous 
alloy homogeneous in quality of the material, it is possible to suppress the bulk HAUZEN jump which is 
one of the big causes of head [ poor ], and a cheap magnetic reading head can be supplied by high 
sensitivity. 
[0024] 

[Embodiment of the Invention] M B E It is Fe-nickel with a thickness of about lOnm on a silicon 
substrate at the purpose which improves the S/N ratio of a reading head using equipment (Molecular 
Beam Epitaxy molecular beam epitaxy). The binary-system-alloy thin film was formed. **** is called 
the magnetic-separation film. Organic polymeric materials with a sensitization radical were applied by 
the thickness of 0.8 micrometers on the magnetic-separation film. After exposing, developing and 
rinsing this sample using an aligner, the predetermined protective coat for dry etching was formed on the 
magnetic-separation film by processing for 30 minutes at the temperature of 80-100 degrees C in oven. 
Processing of this soft magnetism film was performed by carrying out ion beam dry etching in an argon 
gas ambient atmosphere. Next, by dipping and carrying out a substrate into resist (organic giant- 
molecule material) removal liquid, the resist was removed and the soft magnetism film of a 
predetermined configuration was obtained. 

[0025] electromagnetism - a sensing-element thin film --MBE Membranes were formed using 
equipment. The obtained film consisted of a presentation of 74(Co0.94Fe0.06) Si 15B1 1, and was made 
into the thickness of lOnm - 1 micrometer in a tentative way. Processing of the film is the same as that 
of the process mentioned above almost. Since a drive is energized in the membranous die-length 
direction, the excitation by the high frequency current starts in a current and the direction of a right 
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angle, and mainly serves as the membranous cross direction. Here, when magnetic field about 100kHz 
or more where a frequency is fully high was impressed, mu usually heat-treated in the about 200-300- 
degree C temperature requirement in the field so that the membranous cross direction might serve as 
[ the way of the approach by the magnetization rolling mechanism ] a hard axis from domain wall 
displacement, since it was high. The measuring device which makes an optical-lever method a principle 
performed the magnetostriction constant, and it obtained the forward very small magnetostriction 
constant of 10-6 order. Moreover, the value of measurement of Hk (anisotropy field) was about 0.5 Oe 
(s) - lOOe extent using VSM (oscillating sample mold measurement machine). 
[0026] electromagnetism - after electrode production for energizing to a sensing-element thin film 
formed membranes using the sputtering system which used Cu as the target, it was processed by the 
approach of the usual semi-conductor process technique. Electrode material may be not Cu but 
aluminum here. Moreover, Si02 grade may be formed according to a situation as a protective coat. A 
drive and an analog circuit may apply the usual RF circuit, this example - setting - another excitation 
mold oscillator circuit (for example, multivibrator) ~ separately - constituting — a book - 
electromagnetism - the sensing element was driven. Drive frequency could be 10MHz. Here, the 
polarity of an output and the further high increase in power were attained by superimposing direct- 
current bias with the amplitude of the abbreviation one half of the drive high frequency amplitude, 
moreover, a book — electromagnetism — an improvement of the linearity of output change of sensing- 
element both ends, and the thermal asperity mentioned above sake — a book — electromagnetism - after 
preparing what constituted the sensing element on the 2-set substrate and taking the differential of 2 sets 
of those outputs, it carried out by amplifying. 

[0027] What produced separately the head section of the conventional Winchester mold which consists 
of the soft magnetism film and insulating layers for a coil and magnetic-flux induction was used for the 
write-in head. In this example, after it wrote junction on a reading head in the side face of the 
aforementioned reading head substrate and it pasted up the head section, it performed micro processing 
and adjustment by Ar ion beam ETCHIINGU so that premature start height might become equal about 
the location of the field of both heads. 

[0028] the electromagnetism of the reading head by this invention ~ the schematic diagram of the 
sensing-element section is shown in drawing 1. First, on glass or a silicon substrate 1, the conductor 2 of 
the amorphous alloy thin film which consists of CoFeSiB an alloy of 4 yuan was formed, and the polar 
zone 4 for driving and energizing a conductor 2 considered as the structure in contact with it. The 
magnetic-separation film 3 is located in the outside of the conductor 2 of an amorphous thin film, is the 
purpose which raises the S/N ratio of a magnetic reading head, and consists of soft magnetic materials 
represented by CoNbZr and FeNi. A protective coat 5 forms membranes according to a situation. 
[0029] Drawing 2 shows the resistance rate of change per gauss of the amorphous dynamic body by the 
drive frequency when energizing and driving the compound drive current the high-frequency-current 
amplitude of 4mA and whose amplitude of direct-current bias are 2mA on the magnetic reading head 
shown in drawing 1 . In this invention, if the magnetic sensibility of about 8% / Gauss is shown and it 
considers and combines that they of the conventional MR head are about 0.1% / Gauss, the remarkable 
thing of the property improvement is clear. 
[0030] 

[Effect of the Invention] by this invention, it contributes to achievement of a raise in recording density in 
external storage (especially hard disk drive) greatly — things can be carried out. And since severe 
thickness control does not necessarily need compared with the case of elegance conventionally, when 
the yield considers and combines excelling also that it is good and economically, the industrial meaning 
is very large. 
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100 2 2] dji/dH<0*£ft3d#^a# 
&m%%trT*/l'7 7X&& (21* L<ttjE<' 

ft«««ttO«»«#tt**»e>tt6*S5K:a- VX^ 

&+6»£'j&s*>Sfc«>X<fc5. *fclMi1"S '"MC^Mtt 
Xfc£ J: 5 J:tf»"-:>aE^fijni 
&J3&S&8jig«3^0. 3-0. 7{g t LfcSLfc tt, ft 

««#»fcftfcfctf>x;fc3. 
[0 0 2 3] t3E*WMR^y K^a<0*TSft ; "fc^y K 

ftv\ L**fc, -r**^ 

X&S'Vi^/^-t? Vi^-v >^«r«Jx.i - J* :7T T(iEX*> 

#x*a. 

[0 0 2 4] 

[M<7)^i&cOff2f&] M B E (Molecular I" .m Epila 

xy to+mxy****-) &m*m\i\ o^k 

03S/Nlt£lfil±+60M"C* ^y^^JStEJ *'J10nntf) 
»*«>Fe - Ni 23C*A*HRfe*KLfc, 

ffl^JWL aMMs-fclMcfcLfc*. *~^> so-ioo 



[0 0 2 5] nttKKM^WRllM B E *H«:ffl^ri« 
U o » *LfcKli (CoO. 94FeO. 06) 74S i 1 5B 1 1 0>«lj*a 1 
bft9, KRWUttlOnra^UmOff^fc Lfc. KJ^^HIX 

0kHzK±w+»tW*lk3&«Kv^ai»*rHllIPL*:»d, ffi 
ttfflv^ao, K©**W* 8 *«B«W t ft 6 * 5 

*JCT3K200^300t:<Offl!ff«lffltcrjRto3l*tTofe. (K 

^&(i^rrfe^3ffi^^5S«J3tKflli-<t9tTV\ io 

V\ ^COjiS(l^j0.50e~100e^iffi"t?^o/5: a 
[0 0 2 6] ««««*^WWc5i«i-Sfcft«>««ff 

yi: 0 rr-cm^ttticu"ciift<, Ai-efcoXbAv^ * 
fc, «WfcLXSi02««rttRlcrti:c-raBIU-CtA 
v\ SZIft*5J:t;r^-py@BI±a*oifi!HftlH]K€raffl 

x, K»ffl»8fi«oft*»olB«*»oB:St/<-<r^ 
fctt«+*£fclc:J;?>\ U*o«ttftfeWc3Eft5KU 

[0 0 2 7] *!^*yKlt 3^/ui«t*K*Ofc 

ft 6 j; 5Ar>r*^tr— Ax y f--<yyicj:»j»jNeAnx*5 

[0 0 2 8] #»WfcJ;aBM4fc0^y K^>««**« 
?-l»(Oltt*BI«rBIUC^1-. ^7^*><5VM±^y 

j:^)^ '.ni- a fc 4 a* * ft £ «» l fc«a 1 1 

ffclTCi.. ««K^*9^y K«)S/Ntt:«:MaC)5aft 

X % C >NbZ r-^FeN i tC ft* ^ ft 6 1 «f« $ ft 



too29i ia 2 n % mi iot Ltzf&%.$tz> K 

[0 0 3 0] 

[«ono»*] ^»satt»!i v ' 

[Hi] 



[Hi] **nn«!)K*j&^y K*>1tt«Mfc*?-tt«>1K 

[ff-*>oKijfil 

1 y'l-^SK 

2 tfft 

3 l?v,»«K 

4 VI ■ <!! 

5 fY:«K 




a - A' tfifiifa 



[132] 




o T t ' ~~ x 10 100 iooo 



K ft « X B (muz) 
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